Characterization of DNA metabolizing enzymes in situ following polyacrylamide gel electrophoresis.
We have detected the in situ activities of DNA glycosylase, endonuclease, exonuclease, DNA polymerase, and DNA ligase using a novel polyacrylamide activity gel electrophoresis procedure. DNA metabolizing enzymes were resolved through either native or SDS-polyacrylamide gels containing defined 32P-labeled oligonucleotides annealed to M13 DNA. After electrophoresis, these enzymes catalyzed in situ reactions and their [32P]DNA products were resolved from the gel by a second dimension of electrophoresis through a denaturing DNA sequencing gel. Detection of modified (degraded or elongated) oligonucleotide chains was used to locate various enzyme activities. The catalytic and physical properties of Novikoff hepatoma DNA polymerase beta were found to be similar under both in vitro and in situ conditions. With 3'-terminally matched and mismatched [32P]DNA substrates in the same activity gel, DNA polymerase and/or 3' to 5' exonuclease activities of Escherichia coli DNA polymerase I (large fragment), DNA polymerase III (holoenzyme), and exonuclease III were detected and characterized. In addition, use of matched and mismatched DNA primers permitted the uncoupling of mismatch excision and chain extension steps. Activities first detected in nondenaturing activity gels as either multifunctional or multimeric enzymes were also identified in denaturing activity gels, and assignment of activities to specific polypeptides suggested subunit composition. Furthermore, DNA substrates cast within polyacrylamide gels were successfully modified by the exogenous enzymes polynucleotide kinase and alkaline phosphatase before and after in situ detection of E. coli DNA ligase activity, respectively. Several restriction endonucleases and the tripeptide (Lys-Trp-Lys), which acts as an apurinic/apyrimidinic endonuclease, were able to diffuse into gels and modify DNA. This ability to create intermediate substrates within activity gels could prove extremely useful in delineating the steps of DNA replication and repair pathways.